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(57)Abstract 

PROBLEM TO BE SOLVED: To enhance the output of a 
revolutions-sensor comprising a magnetic detector having a bridge 
circuit of GMR elements. 

SOLUTION: A magnetic detector 16 comprises an insulating board 24 
formed, on the surface thereof, with a bridge 26 of GMR elements. The 
bridge 26 comprises first through fourth GMR elements 26a-26d 
forming a bridge circuit. The facing pairs of first and third GMR 
elements 26a, 26c, and second and fourth GMR elements 26b, 26d are 
arranged at same positions with respect to the rotational direction of a 
sensor rotor 1 2 while being spaced apart by a distance corresponding 
to one half of the pitch at the tooth part 1 3 of the sensor rotor 1 2. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The field indicator which comes to constitute a bridge circuit by the magnetic sensing element which shows 
the resistance change according to change of a magnetic field which acts. The magnet made to generate a magnetic 
field. The sensor rotor to which the magnetic field which rotates synchronizing with body of revolution and acts on the 
aforementioned field indicator to the angle of rotation is changed with a predetermined period. It is the rotational 
frequency sensor equipped with the above, and is characterized by having arranged to the homotopic one pair of the 
magnetic sensing element which counters mutually [ the aforementioned bridge circuit ] about the hand of cut of the 
aforementioned sensor rotor. 

[Claim 2] a rotational frequency sensor according to claim 1 — setting — the pair of another side of a magnetic 
sensing element — the hand of cut of the aforementioned sensor rotor — being related — a homotopic — and the 
rotational frequency sensor characterized by having made only the distance which is equivalent to the hand of cut of 
the aforementioned sensor rotor at the half of the aforementioned predetermined period estrange, and having arranged 
from aforementioned one pair 



[Translation done.] 
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Japan Patent Office is not responsible for any 
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1 This document has been translated by computer. So the translation may not reflect the original precisely. 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a rotational frequency sensor, and relates to a 
magnetic formula rotational frequency sensor equipped with the magnetic sensing element which detects change of the 
magnetic field accompanying rotation of a sensor rotor especially. 
[0002] 

[Description of the Prior Art] The magnetic formula rotational frequency sensor conventionally indicated by Japanese 
Patent Application No. No. 254466 [ 60 to ] is well-known. This rotational frequency sensor is equipped with the sensor 
rotor, the field indicator, and the magnet. The field indicator is arranged so that it may counter with the peripheral face 
of a sensor rotor. The magnet is arranged so that a field indicator may be separated and the peripheral face of a 
sensor rotor may be countered. Moreover, the tooth part formed in the hoop direction in the fixed pitch is prepared in 
the peripheral face of a sensor rotor. Therefore, rotation of a sensor rotor changes the size of the magnetic field which 
acts on a field indicator according to rotation of a sensor rotor by the state where the field indicator countered the 
tooth part of a sensor rotor, and the state where a field indicator does not counter a tooth part being formed by turns. 
[0003] In the above-mentioned conventional magnetic formula rotational frequency sensor, the field indicator has the 
bridge circuit which consisted of four magnetic resistance elements. The magnetic resistance element is arranged at 
the predetermined intervals in the hand of cut of a sensor rotor. Therefore, if the magnetic field which acts on a field 
indicator according to rotation of a sensor rotor changes, the resistance of each magnetic resistance element which 
constitutes a bridge circuit will change, and the output voltage of a bridge circuit will change according to the 
resistance change. Therefore, according to the above-mentioned conventional magnetic formula rotational frequency 
sensor, based on the output voltage of a bridge circuit, the rotational frequency of a sensor rotor is detectable. 
[0004] By the way, the magnetic resistance element has the property in which the resistance changes depending on 
temperature. On the other hand, in the above-mentioned conventional magnetic formula rotational frequency sensor, 
since the bridge circuit is constituted by the magnetic resistance element, when the resistance of each magnetic 
resistance element changes at a fixed rate according to a temperature change, the output voltage does not change. 
Thus, the above-mentioned conventional magnetic formula rotational frequency sensor is constituting a bridge circuit 
by the magnetic resistance element, and can compensate resistance change of the magnetic resistance element 
depending on the temperature change. 
[0005] 

[Problem(s) to be Solved by the Invention] In the above-mentioned conventional magnetic formula rotational frequency 
sensor, in order to detect the rotational frequency of a sensor rotor with high precision, the one where the output 
voltage of a bridge circuit is larger is desirable. The output voltage of a bridge circuit changes according to the phase 
relation of resistance change of each magnetic resistance element. Therefore, in order to attain the high increase in 
power of a sensor, it is required to set up arrangement of a magnetic resistance element appropriately. However, in the 
above-mentioned conventional rotational frequency sensor, it is not taken into consideration at all about attaining the 
high increase in power of a sensor. 

[0006] this invention is made in view of an above-mentioned point, and it aims at offering the rotational frequency 

sensor which can obtain a big output signal. 

[0007] 

[Means for Solving the Problem] The field indicator which comes to constitute a bridge circuit by the magnetic sensing 
element which shows the resistance change according to change of a magnetic field which acts so that the 
above-mentioned purpose may be indicated to a claim 1, In a rotational frequency sensor equipped with the magnet 
made to generate a magnetic field and the sensor rotor to which the magnetic field which rotates synchronizing with 
body of revolution and acts on the aforementioned field indicator to the angle of rotation is changed with a 
predetermined period It is attained by the rotational frequency sensor which has arranged to the homotopic one pair of 
the magnetic sensing element which counters mutually [ the aforementioned bridge circuit ] about the hand of cut of 
the aforementioned sensor rotor. 

[0008] In this invention, one group of the magnetic sensing element which counters mutually in a bridge circuit is 
arranged about the hand of cut of a sensor rotor at a homotopic. Therefore, the magnetic field which acts on one pair 
of a magnetic sensing element is mutually in phase, and changes. The resistance of a magnetic sensing element 
changes according to the magnetic field which acts. Therefore, one of a pair of resistance r1 and r2 of a magnetic 
sensing element is mutually in phase, and changes. If both the resistance of the element which counters generally 
increases in a bridge circuit, one potential of an output terminal will fall and the potential of another side will rise. 
Therefore, according to this invention, big output voltage is outputted from a bridge circuit by the resistance r1 and r2 
of the magnetic sensing element which counters mutually being in phase, and changing. 

[0009] moreover, the above-mentioned purpose is indicated to a claim 2 — as — a rotational frequency sensor 
according to claim 1 — setting — the pair of another side of a magnetic sensing element — the hand of cut of the 
aforementioned sensor rotor — being related — a homotopic — and it is more effectively attained by the rotational 
frequency sensor which was made to estrange only the distance which is equivalent to the hand of cut of the 
aforementioned sensor rotor at the half of the aforementioned predetermined period, and has arranged from 
aforementioned one pair 

[0010] this invention — setting — the pair of another side of a magnetic sensing element — the hand of cut of the 
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aforementioned sensor rotor — being related — a homotopic — and from aforementioned one pair, only the distance 
which is equivalent to the hand of cut of the aforementioned sensor rotor at the half of the aforementioned 
predetermined period is made to estrange, and it is arranged Therefore, a pair of resistance r3 and r4 of another side of 
the magnetic sensing element which counters mutually changes by the opposite phase in phase mutually in a pair of 
resistance r1 and r2 of another side. For this reason, according to this invention, the output voltage of a bridge circuit 
increases further. 
[0011] 

[Embodiments of the Invention] Drawing 1 is the block diagram of the rotational frequency sensor 1 0 which is one 
example of this invention. As shown in drawing 1 , the rotational frequency sensor 10 is equipped with the sensor rotor 
1 2. The sensor rotor 1 2 is the member of the shape of a disk which consisted of soft magnetic materials. The tooth 
part 13 is formed in the periphery of the sensor rotor 12 in the predetermined pitch P. 

[0012] The rotational frequency sensor 10 is equipped with the detecting element 14 again. The detecting element 14 is 
equipped with the field indicator 16. The field indicator 16 is attached in the end face of the maintenance block 18. On 
the insulating substrate, patterning of the GMR thin film is carried out to a predetermined pattern, and the field 
indicator 16 is constituted so that it may mention later. The detecting element 14 is arranged so that a field indicator 
1 6 may separate the peripheral face of the sensor rotor 1 2, and a predetermined crevice and may counter. In addition, 
the thickness of the sensor rotor 1 2 is prepared so that it may become larger than the width of face of the space 
perpendicular direction in drawing 1 of a field indicator 1 6. Therefore, the field indicator 1 6 has countered with the 
peripheral face of the sensor rotor 1 2 on the whole surface. 

[0013] The detecting element 14 is further equipped with the bias magnet 20. The bias magnet 20 is attached in the 
interior of the maintenance block 1 8 so that a field indicator 1 6 may be separated and it may counter with the 
peripheral face of the sensor rotor 1 2. In addition, the bias magnet 20 is arranged so that only the specified quantity 
may be offset from the center position of a field indicator 1 6 to the hand of cut of the sensor rotor 1 2 so that it may 
mention later. Polarization of the bias magnet 20 is carried out to the retrose so that a side with the side far from N 
pole and the sensor rotor 1 2 near the sensor rotor 1 2 may serve as the south pole. 

[0014] The drawing 1 Nakagami side of the maintenance block 18 is equipped with the digital disposal circuit 22. A 
digital disposal circuit 22 performs predetermined signal processing to the signal outputted from a field indicator 1 6, and 
outputs the result to it as a sensor output signal from a connector 23. Next, the composition of a field indicator 1 6 is 
explained with reference to drawing 2 . Drawing 2 is the block diagram of a field indicator 1 6. In addition, a field indicator 
1 6 is installed so that the longitudinal direction in drawing 2 may be in agreement with the tangential direction of the 
sensor rotor 12. As shown in drawing 2 , the field indicator 16 is equipped with the insulating substrate 24 formed in the 
shape of a rectangle. The GMR element bridge 26 is formed in the front face of an insulating substrate 24. The GMR 
element bridge 26 is formed by carrying out patterning of the GMR thin film formed by the front face of an insulating 
substrate 24 by photo lithography. 

[0015] A GMR thin film is a thin film which comes to carry out the laminating of a ferromagnetic layer and the 
non-magnetic layer by turns. As a combination of the material which constitutes this ferromagnetic layer and 
non-magnetic layer, cobalt (Co) / copper (Cu), and the combination of chromium (Cr) / iron (Fe) can be used, for 
example. The GMR thin film of this composition has the property that the resistance changes a lot, according to the 
size (the horizontal component of a magnetic field is called hereafter) of the magnetic field which acts in parallel to the 
front face. Drawing 3 has illustrated the relation with the resistance R per unit area of the magnetic field H and GMR 
thin film which act on a GMR thin film. As shown in drawing 3 , the resistance R per unit area of a GMR thin film 
decreases according to the increase in the absolute value of a magnetic field H. In addition, it does not depend for the 
resistance of a GMR thin film on the sense of the magnetic field in a field parallel to the front face. 
[0016] The magnetic field to which the GMR element bridge 26 acts on a field indicator 16 with consisting of GMR thin 
films which have this property based on resistance change of the GMR element bridge 26 is detectable. The GMR 
element bridge 26 is equipped with four GMR elements of 1st GMR element 26a formed in the narrow band-like pattern 
- the 26d of the 2nd GMR elements, and four electrodes 28a-28d again with reference to drawing 2 . Electrode 28a is 
prepared in the lower left edge in drawing 2 of an insulating substrate 24. Moreover, Electrodes 28b-28d are arranged in 
the vertical-among drawing direction by the method of the right in drawing 2 of electrode 28a at predetermined 
distance partition ******. 

[0017] 1st GMR element 26a was prolonged upward from electrode 28a, was turned up downward in the upper-limit 
section of an insulating substrate 24, was crooked to the method of the right [ near the soffit section ], and has 
reached 28d of electrodes. After crooking them upward after the 26d of the 4th GMR elements is prolonged from 28d 
of electrodes to the method of the right, and turning them up downward near the upper-limit section of an insulating 
substrate 24, they were crooked to the left and have reached electrode 28c. 

[0018] After it is prolonged from electrode 28c to a left, 3rd GMR element 26c is crooked downward in the position 
which adjoins 1st GMR element 26a, is turned up upward near the soffit section of an insulating substrate 24, further, 
was crooked in the method of the right near the upper-limit section of an insulating substrate 24, and has reached 
electrode 28b. After 2nd GMR element 26b is crooked downward in the position which adjoins exceeding the 26d of the 
4th GMR elements after being prolonged from electrode 28b to the method of the right and reaches the soffit section 
of an insulating substrate 24, it was crooked to the left and has reached electrode 28a. 

[0019] Like ****, 1st GMR element 26a, 3rd GMR element 26c, and 2nd GMR element 26b and the 26d of the 4th GMR 
elements adjoin mutually, respectively, and are arranged, the [ moreover, / 2nd GMR element 26b and ] — 26d of 
4GMR elements — the [ 1st GMR element 26a and ] — it is arranged in the position which estranged only the distance 
which is equivalent to the method of the right in drawing 2 at the half of the pitch P of the tooth part 13 of the sensor 
rotor 12 from 3GMR element 26c 

[0020] 1st GMR element 26a, the 26d of the 4th GMR elements, 3rd GMR element 26c, and 2nd GMR element 26b are 
this order, and it connects mutually through Electrodes 28d, 28b, 28b, and 28a, and they constitute the bridge circuit 
from the 26d of the 1 st GMR element 26a - 4th GMR elements and Electrodes 28a-28d being formed like ****, 
respectively. In addition, the resistance of 3rd GMR element 26c shall be expressed with R3, and R4 shall express [ the 
resistance of following and 1st GMR element 26a ] the resistance of the 26d of the 4th GMR elements for the 
resistance of 2nd GMR element 26b by R1 R2, respectively. In addition, the 26d of the 1st GMR element 26a - 4th 
GMR elements is in the state where a magnetic field does not act, and they are constituted so that resistance R1-R4 
may become equal mutually. 
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[0021] Drawing 4 shows the circuit diagram of the bridge circuit which the GMR element bridge 26 constitutes. As 
shown in drawing 4 , a constant voltage E is given among the groups 28b and 28d of the electrode pad which counters 
mutually, and the potential difference V between the groups 28a and 28c of another side of an electrode pad is 
outputted towards a digital disposal circuit 22 as output voltage of a field indicator 16. Resistance R1-R4 and a 
constant voltage E can express output voltage V by the following formula. 
[0022] 

V=E- {R2/(R1+R2)-R3/(R3+R4)} (1) 

The amplitude of output voltage V can be increased because the term of another side decreases when it is in phase, 
the resistance R1 and R3 (or R2 and R4) of the element which counters mutually was changed and one term of the 
right-hand side increases, as shown in a formula (1). By the way, like ♦***, a field indicator 16 is arranged so that the 
longitudinal direction in drawing 2 may be in agreement with the tangential direction of the sensor rotor 1 2, i.e., a hand 
of cut Therefore, as for the 26d of the 1st GMR element 26a - 4th GMR elements, the principal part will be 
perpendicularly arranged to the hand of cut of the sensor rotor 12. For this reason, if the sensor rotor 12 rotates, the 
tooth part 13 will move so that the transverse plane of the 26d of the 1st GMR element 26a — 4th GMR elements may 
be crossed, and the magnetic field which acts on the 26d of the 1st GMR element 26a - 4th GMR elements will change 
in connection with this. 

[0023] Hereafter, with reference to drawing 5 or drawing 8 , the change of a magnetic field according to the angle of 
rotation of the sensor rotor 12 which acts on the GMR element 26 is explained. In addition, in the following publications, 
the angle of rotation of the sensor rotor 1 2 which should express with the phase angle which makes 360 degrees the 
case where only the angle at which the sensor rotor 12 is equivalent to the pitch P of a tooth part 13 rotates the angle 
of rotation of the sensor rotor 1 2, and was expressed with the phase angle is called the rotation phase angle theta of 
the sensor rotor 1 2. 

[0024] As shown in drawing 5 or drawing 8 , the magnetic flux which the bias magnet 20 emits is led to the tooth part 
13 of the sensor rotor 12. it is shown in these drawings — as — the bias magnet 20 — the [ the center of the GMR 
sensor bridge 26, i.e., 1st GMR sensor element 26a, and ] — it is arranged so that it may offset from 3GMR element 
26c to the hand of cut of the sensor rotor 12 For this reason, in the state which shows in drawing 5 , magnetic-flux 21b 
led to a tooth part 13 from the bias magnet 20 GMR [ 2nd ] element 26b Reached, and passed the 26d of the 4th GMR 
elements, and magnetic-flux 21a led to tooth part 13a from the bias magnet 20 GMR [ 1st ] element 26a Reached, and 
has passed 3rd GMR element 26c. In addition, in the rotation position of the sensor rotor 12 shown in drawing 5 , the 
horizontal component of a magnetic field which GMR [ 2nd ] element 26b Reaches and acts on the 26d of the 4th GMR 
elements, and the horizontal component of a magnetic field which GMR [ 1st ] element 26a Reaches and acts on 3rd 
GMR element 26c consider as an equal, and calls this rotation position a criteria position hereafter. Therefore, in the 
criteria position shown in drawing 5 , the resistance R1-R4 of the 26d of the 1st GMR element 26a - 4th GMR 
elements is mutually equal. 

[0025] If the sensor rotor 1 2 rotates only the phase angle of 90 degrees rightward in drawing from the criteria position 
shown in drawing 5 , as shown in drawing 6 , the state where the core of magnetic-flux 21b GMR [ 2nd ] element 26b 
Reaches, pass the 26d of the 4th GMR elements, magnetic-flux 21a GMR [ 1st ] element 26a Reaches, and 3rd GMR 
element 26c is not passed will be formed. In this state, by the maximum and the bird clapper, these resistance R2 and 
R4 serves as the minimum, the horizontal component of a magnetic field which GMR [ 1st ] element 26a Reaches and 
acts on 3rd GMR element 26c on the other hand is with a bird clapper at the minimum (almost zero), and, as for these 
resistance R1 and R3, the horizontal component of a magnetic field which GMR [ 2nd ] element 26b Reaches and acts 
on the 26d of the 4th GMR elements serves as the maximum. 

[0026] From the state which shows in drawing 6 , further, if the sensor rotor 12 rotates only the phase angle of 90 
degrees rightward in drawing (i.e., if only the phase angle of 1 35 degrees is rotated from a criteria position), as shown in 
drawing 7 , it GMR [ 2nd ] element 26b Reaches, and with the 26d of the 4th GMR elements, the periphery of 
magnetic-flux 21b will GMR [ 1st ] element 26a Reach, and will come to act on 3rd GMR element 26c equally. The 
horizontal component of a magnetic field which GMR [ 2nd ] element 26b Reaches and acts on the 26d of the 4th GMR 
elements in this state, and the horizontal component of a magnetic field which GMR [ 1st ] element 26a Reaches and 
acts on 3rd GMR element 26c are mutually equal, therefore resistance R1-R4 is mutually equal. 

[0027] Further, if the sensor rotor 1 2 rotates only the phase angle of 90 degrees rightward in drawing (i.e., if only the 
phase angle of 1 80 degrees is rotated from the state shown in drawing 6 ), it will be in the state which shows in drawing 
8 from the state which shows in drawing 7 . Like *♦**, it GMR [ 2nd ] element 26b Reaches, and is arranged with the 
26d of the 4th GMR elements in the position where it GMR [ 1st ] element 26a Reaches, and 3rd GMR element 26c 
estranges only the half of the pitch P of the tooth part 1 3 of the sensor rotor 12. For this reason, in the state which 
shows in drawing 8 , while the horizontal component of a magnetic field which GMR [ 1st ] element 26a Reaches and 
acts on 3rd GMR element 26c contrary to the state which shows in drawing 6 serves as the maximum, the horizontal 
component of a magnetic field which GMR [ 2nd ] element 26b Reaches and acts on the 26d of the 3rd GMR elements 
serves as the minimum. Therefore, resistance R2 and R4 serves as the maximum, and resistance R1 and R3 serves as 
the minimum. 

[0028] And if the sensor rotor 12 rotates only the phase angle of 45 degrees rightward in drawing further from the 
state which shows in drawing 8 , the same state as drawing 5 will be formed again, and resistance R1-R4 will become 
equal mutually. Thus, the resistance R1-R4 of the 26d of the 1st GMR element 26a - 4th GMR elements will repeat 
increase and decrease periodically in connection with the sensor rotor 12. Drawing 9 shows the relation of the (a) 
resistance R1-R4 to the angle-of-rotation phase angle theta of the sensor rotor 12, and the output voltage V called for 
from the (b) above-mentioned (1) formula. In addition, in drawing 9 , the rate of change of resistance R1-R4 shall be a 
maximum of 10%, and output voltage V shows the value in case the constant voltage E supplied to the GMR element 
bridge 26 is 2V. 

[0029] As shown in drawing 9 , resistance R1 and R3 and resistance R2 and R4 are in the state from which 180 
degrees of phases shifted mutually, and it is changing with the period of 360 degrees to the rotation phase angle theta 
of the sensor rotor 12. According to this change of R1-R4, as output voltage V is shown in drawing 9 (b), it changes in 
a cycle of 360 degree to the rotation phase angle theta of the sensor rotor 1 2, and the amplitude serves as about 200 
mVpp(s). Therefore, this output voltage V can be made binary by the digital disposal circuit 22, for example, it can 
change into a pulse signal, and the rotational frequency of the sensor rotor 1 2 can be detected by carrying out 
counting of the pulse number. 
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[0030] Like ****, in this example, it is the resistance R1 and R3 of 1st GMR element 26a which counters mutually, and 
3rd GMR element 26c, and the resistance R2 and R4 of 2nd GMR element 26b and the 26d of the 4th GMR elements 
being in phase respectively, and changing, and as explained with reference to the above-mentioned (1) formula, it is 
possible to obtain the output voltage V of a big amplitude. Furthermore, when resistance R2 and resistance R3 change 
by the opposite phase mutually, the difference of each term of (1) formula left part increases, and much more increase 
of output voltage V is realized. 

[0031] the [ thus, / 1st GMR element 26a which counters mutually in a bridge circuit in this example, and ] — the [ the 
group of 3GMR element 26c, and / 2nd GMR element 26b and ] — it is that only the distance in which the group of 26d 
of 4GMR elements is equivalent to the half of the pitch P of the tooth part 13 of the sensor rotor 12 is estranged, and 
the high increase in power of a field indicator 16 is attained Therefore, according to the rotational frequency sensor 10 
of this example, it becomes possible to attain simplification of the digital disposal circuit 22 which processes the output 
signal of a field indicator 16, and low-cost-ization of a system can be realized. 

[0032] In addition, like ****, the 26d of the 1st GMR element 26a - 4th GMR elements is in the state where a magnetic 
field does not act, it is constituted so that resistance's R1-R4 may become equal mutually, and offset of output voltage 
V in the state where a magnetic field does not act on a field indicator 1 6 is suppressed small. By the way, generally the 
resistance of a GMR thin film changes at a rate according to the temperature change. That is, when the resistance of 
the GMR thin film in a certain reference temperature is set to R, the resistance Rt when only deltat goes up from this 
reference temperature is Rt=(1+alpha-deltat) -R. (2) 

It is come out and expressed. Here, alpha is the temperature-change coefficient of the resistance of a GMR thin film. 
[0033] Therefore, when the temperature of the GMR element 26 rises only in deltat, resistance R1-R4 will change 
twice, respectively (1+alpha-deltat). However, as shown in a formula (1), the output voltage V of a field indicator 16 is 
expressed as a ratio of resistance R1-R4. For this reason, when the same temperature change arises for the 26d of 
the 1st GMR element 26a - 2nd GMR elements, resistance R1-R4 does not produce change in output voltage V by 
changing at an equal rate. Thus, in this example, when the 26d of the 1st GMR element 26a - 4th GMR elements 
constitutes the bridge circuit, change depending on the temperature of resistance R1-R4 is compensated. 
[0034] In addition, in this example, it is only arranging the electrode pads 28a-28d to the connection of the 26d of the 
1st GMR element 26a - 4th GMR elements, and the above-mentioned bridge circuit is realized and it is unnecessary to 
prepare the wiring section separately. For this reason, it is possible for a multilayer interconnection not to constitute a 
field indicator 1 6 and to reduce the manufacturing cost of a field indicator 1 6. Moreover, by a multilayer interconnection 
being made unnecessary, a protective coat is formed in the front face of a field indicator 1 6, and it is supposed by 
preparing a contact hole in the part corresponding to Electrodes 28a-28d that it is possible to perform electrical 
installation to the GMR bridge 26 easily for example, by face down mounting etc. 

[0035] Next, the 2nd example of this invention is explained. The rotational frequency sensor of this example is realized 
by replacing with a field indicator 16 and using a field indicator 50 in the rotational frequency sensor 10 of the 1st 
example of the above. Drawing 10 is the block diagram of the field indicator 50 with which the rotational frequency 
sensor of this example is equipped. The field indicator 50 of this example is equipped with the insulating substrate 52 
and the GMR element bridge 54 formed in the front face of an insulating substrate 52 like the field indicator 1 6 of the 
1st example of the above. The GMR element bridge 54 consists of the 1st - 4th GMR elements 54a-54d, and 
electrodes 56a-56d. In addition, also in this example, a field indicator 50 is installed so that the longitudinal direction in 
drawing 10 may be in agreement with the hand of cut of the sensor rotor 12. 

[0036] Electrodes 56a-56d are formed in the upper right comer, the upper left corner, lower left corner, and lower right 
comer of an insulating substrate 52, respectively. 1st GMR element 54a extended in the vertical direction in drawing 10 
, and has connected 56d of electrodes with electrode 56a. Moreover, 3rd GMR element 54c extended the position 
which estranged only the distance which is equivalent to the left in drawing from 1st GMR element 54a at the half 
(phase angle of 1 80 degrees) of Pitch P in the vertical direction in drawing 10 , and has connected electrode 56b and 
electrode 56c. 

[0037] After 2nd GMR element 54b is the position which estranged only the distance which is prolonged from electrode 
56a to the left in drawing, and is equivalent to the quadrant (phase angle of 90 degrees) of Pitch P from 1st GMR 
element 56a, is crooked and is prolonged below, and turning it up near the soffit section of an insulating substrate 52 
and prolonging it up, it was crooked to the left and has reached electrode 56b. After being prolonged from 56d of 
electrodes to the left in drawing, prolonging the 54d of the 4th GMR elements up, turning them up near the upper-limit 
section of an insulating substrate 52 and prolonging them below, being crooked in the position which estranged only the 
distance which is equivalent to the quadrant (phase angle of 90 degrees) of Pitch P from 1st GMR element 56a, and 
adjoining 2nd GMR element 54b, they were crooked to the left and have reached electrode 56c. Also in this example, if 
the resistance of the 54d of the 1st GMR element 54a - 4th GMR elements is set to R1-R4, respectively, the same 
bridge circuit as drawing 4 will be constituted, and the potential difference between electrode 56a and 56c will be 
outputted as output voltage V of the magnetic sensing element 50 by giving a constant voltage E between 56d of 
electrodes, and 56b. 

[0038] Like ****, in this example, it GMR [ 2nd ] element 54b Reaches, and 4th GMR element 54c is arranged about 
the hand of cut of the sensor rotor 1 2 at the homotopic. For this reason, with rotation of the sensor rotor 1 2, the 
horizontal component of a magnetic field which GMR [ 2nd ] element 54b Reaches and acts on the 54d of the 4th GMR 
elements is in phase, and changes. On the other hand, it GMR [ 1st ] element 54a Reaches, and 3rd GMR element 54c 
GMR [ 2nd ] element 54b Reaches, to the 54d of the 4th GMR elements, it estranges only 90 degrees only of phase 
distance on right-and-left both sides in drawing 10 , and is arranged at them, respectively. The sensor rotor 12 
therefore, when it rotates from the left-hand side in drawing 10 to right-hand side, for example, the horizontal 
component of a magnetic field which acts on 1st GMR element 54a GMR [ 2nd ] element 54b the horizontal component 
of a magnetic field which changes after 90 degrees of phases have been overdue to the horizontal component of a 
magnetic field which reaches and acts on the 54d of the 4th GMR elements, and acts on 3rd GMR element 54b It 
changes, after 90 degrees of phases have progressed to the horizontal component of a magnetic field which GMR [ 2nd 
] element 54b Reaches and acts on the 54d of the 4th GMR elements. 

[0039] Drawing 1 1 shows the relation of the (a) resistance R1-R4 to the rotation phase angle of the sensor rotor 12 in 
this example, and the (b) output voltage V about the case of the same conditions as drawing 9 . It follows on the 
magnetic field which acts on the 54d of the 1st GMR element 54a - 4th GMR elements changing by the phase relation 
|j|^ e As shown in drawing 1 1 (a), resistance R2 and R4 is in phase, and it changes, resistance R1 is in the state 
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which was in 90 degrees of phases to resistance R2 and R4, and resistance R3 is changing, respectively, after 90 
degrees of phases have progressed to resistance R2 and R4. And according to change of this resistance, as shown in 
drawing 1 1 (b), to the phase angle of rotation theta of the sensor rotor 12, output voltage V is a period of 360 degree, 
and is changing with the amplitude of about 1 20 mVpp(s). 

[0040] It is desirable for it to be in phase and to change the resistance of the element which counters mutually, when 
increasing the output voltage of a bridge circuit generally like ****. According to this example, it will GMR [ 2nd ] 
element 54b Reach, and improvement in output voltage V will be achieved by the thing which counter mutually and 
which the resistance R2 and R4 of the 54d of the 4th GMR elements is in phase, and is changed. In this example, the 
pattern of the GMR element bridge 54 is what was rich in symmetric property as compared with the pattern of the 
GMR element bridge 26 of the 1st example of the above. For this reason, it is easy to set up the balance of 1st GMR 
elements [ which constitute the GMR element bridge 54 / 54a-54d ] resistance good, and the small good output 
voltage V of offset can be obtained. 

[0041] Moreover, also in the rotational frequency sensor of this example, the above-mentioned bridge circuit is realized 
like the rotational frequency sensor 10 of the 1st example of the above by forming Electrodes 56a-56d between the 
54d of the 1st GMR element 54a - 4th GMR elements. That is, also in this example, it is unnecessary to perform a 
multilayer interconnection and it is supposed by forming a protective coat and a contact hole that it is possible to 
perform electrical installation to a field indicator 50 simply. 

[0042] In addition, in the above 1 st and the 2nd example, although it is arranging the bias magnet 20 behind field 
indicators 1 6 and 50, and constituting the sensor rotor 1 2 from soft magnetic materials and being carried out to 
changing the magnetic field which acts on field indicators 1 6 and 50 according to rotation of the sensor rotor 20, it is 
good also as preparing a magnet in the periphery section of not only this composition but the sensor rotor 12 in a fixed 
pitch. 

[0043] In addition, in the above 1st - the 4th example, the 1st GMR elements 26a and 54a - the 4th GMR elements 26d 

and 54d are equivalent to the magnetic sensing element indicated to the claim. 

[0044] 

[Effect of the Invention] According to invention a claim 1 and given in two, the output signal of a field indicator can be 
increased like ****. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

["Drawing 11 It is the block diagram of the rotational frequency sensor which is one example of this invention. 
[Drawing 2] It is the block diagram of the field indicator with which the rotational frequency sensor of this example is 
equipped. 

[Drawing 31 It is drawing showing the relation of the magnetic field and resistance which act in parallel with the film of a 
GMR thin film. 

[Drawing 41 It is the circuit diagram of the GMR element bridge with which the field indicator of this example is 
equipped. 

[Drawing 51 It is drawing (the 1) showing signs that the magnetic field which acts on a GMR element bridge according to 
rotation of a sensor rotor changes. 

[Drawing 61 It is drawing (the 2) showing signs that the magnetic field which acts on a GMR element bridge according to 
rotation of a sensor rotor changes. 

[Drawing 71 It is drawing (the 3) showing signs that the magnetic field which acts on a GMR element bridge according to 
rotation of a sensor rotor changes. 

[Drawing 81 It is drawing (the 4) showing signs that the magnetic field which acts on a GMR element bridge according to 
rotation of a sensor rotor changes. 

[Drawing 91 It is drawing showing the relation of the resistance of each GMR element to the rotation phase angle of the 
sensor rotor in the rotational frequency sensor of this example, and the output voltage of a field indicator. 
[Drawing 1 01 It is the block diagram of the field indicator with which the rotational frequency sensor of the 2nd example 
of this invention is equipped. 

[Drawing 1 11 It is drawing showing the relation of the resistance of each GMR element to the rotation phase angle of 

the sensor rotor in the rotational frequency sensor of this example, and the output voltage of a field indicator. 

[Description of Notations] 

12 Sensor Rotor 

16 50 Field indicator 

20 Bias Magnet 

26 54 GMR element bridge 

26a, 54a The 1st GMR element 

26a, 54b The 2nd GMR element 

26c, 54c The 3rd GMR element 

26d, 54d The 4th GMR element 
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[0 0 2 9] m9\Zmttia<. «JrtftRl, R3t. I 
trtffiR2, R4t(l 8 0° -TnfcttM 

1:>1*D-^ 1 2<D0i£<ftffi#0K:*tLT3 6 0° 
CD ffiMT'mtl>T^Z><, frfr&R 1 ~R 4»^bttjSi; 

t, Hi^tffvtti9 (b) K^-raK. ■t>-y-o-^ 

1 2 coiaiteffiisA e K*fLx 3 6 0° mmx-mt^. * 

<»m$&\&m2 0 0mV,,p£&-2T^-5>„ ftoT. £<E>ffl 
#SffiV£. OTffllHB2 2i:J:oT. «*.«. 2fit 

[0030] ±mobn<. **as«fc*«r^Ttt. ihk 

»iajT*JBl GMR$f 2 6 at!3GMR*f2 6 c 
©JgtixffiRl, R3, Rtf. ^2GMRif 26biS 
4 GMRSf 2 6 d«gtn;«lR 2. R 4 ^tl^'ni^^: 
ffl-CSMfc-TSCfr. ±12 (1) S;^#^LTI5iHjLfe 

oTt»*. HK. atrifflR2 tStrtttR3*5S^('jgfi: 

tiT^b-r-scitctoTfc (i) s;fcjac5#JScDM^ 

[0 0 3 1] Z\<D£o\Z, #*SfiWC*SV»Ttt, ZfVy 
vEJ&fc;fc^TSWC;tt[Srr5*l GMR*f 2 6 aS 
^I3GMRif2 6cfflat, ^2GMR$f 26b 
ROt^4GMRi^2 6 d(5fflt^t>1)-0-^ 1 2<D 

mm nrot-yfp o^a-icting-r -ssEBifcttfRKS n 
a^m§§ i 6 coffin ^*«ia-r*«<Maaigis 220 

[0 0 3 2] &:fc, ±j£cO$0<, SlGMRff 26a 
~^4GMRff 2 6dtttt5WftU8l,&fr*ttJr?. » 
JrtffiR l~R4*tS^fC^L<^-i, e fc^^^fig$nT^ 
SCtt. &M&ffiS§l 6 (Ci^lf^fflL^V^ffiT- 
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— «K. GMR»MC0JStn:<S«. aKXfcC 

fe*W±#lxfc«^WffiSxfflR t a. 

Rt = (1 + o- At) - R (2) 

T'i&Znz. CUT, attGMRt9K<Z>&ttffi0&ftX 

assist- 

[0 0 3 3] foT, GMR*f2 6(Diaft*«A t 
±#L£tt£, JgiriMR 1 ~R4tt. ^n^*n (1+a 

10 -At) 6i:^bt5uii;&5. L^L^e., 5£ 

(1) 5 <fc 5 «Iftfflgl6©(liAi)IV 

tt. ffifexffiR l~R4cDJtiLT^$n-5,> dOfc*. 
*1 GMRif2 6 a~*2 GMRtf2 6 df;|sj— 05 
JfttrCttR 1~R4j&«#LHM£ 

<t5l:, ^JSWriSlATtt. HGMR$ ; f26a~ 
I4GMRI?2 6 d*t^'J ^S?ia»S«|j«bTH*C 
ttC^O. »jft*R l~R4©a£Ktt#Ufc*fl:a**t 

20 [0 0 3 4] ***«K:*V»Ttt. SlGMRi 

^2 6 a~S4GMRIf 2 6 d ©«^g|5tC«@/t y H 
2 8 a~2 8 dSraefi-r-5 ±!RZf V y zS\bI 

nsctt, a^wgii 6ro^s{c«sR^jgfigL, 

SIS 2 8 a~2 8 d ftttfST n ^ h*-;i^ 
^iSt-t-SClttr, GMR^'J7y2 6'\OiaWSI 
30 £. #J*.tt\ 7x-X^^>S^^J' e k0§atCfT^e» 

[0 0 3 5] 'JK\Z. *»«O»2*llflC^0>TRWt 
-So #*MS0!|©0lE8:-fe>-iHi. ±82*1 £ffiff|0)|Bl£ 
*-fe>U-l Ottfc^T, SSm^mgll 6(=f«ATBSUfl 

-s>. *fti£0>i©iijic&ai§§ 5 o ±i2* i nmm<Dm 
m.mm^i 6 tmmiz. K»»ss5 2t t igii$5 2 

OSffifC^^^tlfeGMR^^^U ^^5 4 <t<&<iAT 
40 GMR$fyj7v5 4H 1 S1-14GMRI 

f54a~54di, 115 6 a-5 6diiOM$ 

tt. 0 10 ^*5tt^.£^f6]*i-fe>+»-D-^ 1 2 Wdlfe 

■%mz-$i?z>£o izwtwznz. 

[0 0 3 6] mm 5 6 a ~ 5 6 d fi. Zrtl^tl. 

S5 2o*±b. £±ppi. STi. Rz/^Tm^zmn *> 

tlT^5. *1 GMRff 5 4 ati. S10^43tt-5± 
T^(6](CSaEL-. f!5 6aiig5 6di:^LT 
^•5. Sfe, ^3GMR$f 54cll f lGMRlf 
50 5 4 aa^H+fefclCtf^PC)^ (fiffl^ 1 8 0 



(6) 
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° ) i:fflSt5Eifc^KWbfcttiS. HlOKSW" 

[0 0 3 7] S2GMR*?5 4 b 5 6 a^6H 

*PtEJ5\zm&* IlGMRf?5 6aA^tf7?P^4 
#CD1 (fifflft9 0°) tCffi^-T^iEfitfcntBiraLfcffi 
ST, JBftUTT*^®^ Iftaaffi 5 2 ©T««ifi» 
T^93IUT±^fcMtffc^ fi^BftUTMS 6 
bClbt^S. S4GMRif 5 4dH li5 6d 
^e0*£^i:l^ SlGMR^5 6a^e>tf^f 10 

Lfc&BTBffiLT, I2GMR^5 4bi:iSUj: 

TT*K*£tf*:f£, fe^IftbtliS 6 c KiiLT 
**Jfi0»J^*5^Tt>, SlGMR*f5 4a-S 
4GMR*f5 4d©8SMI6*ft*nR 1-R4£-T 

I56d, 5 6 bWtcS«JEE^##-r^ei^T, Hffi 
5 6 a, 5 6 c IW0>«ffii6*l* ttMfttU*?5 0<^m* 

[0 0 3 8] ±MiO£D<> **«S«lC*^Ttt, S2G 
MRif 5 4 bSI/S4GMRi?5 4 c**-fe>U"D — 

* 1 2<D®fcjj\%\zmisTm&w\zmw'znT^z>o z. 

(DTztb, t>H-n-*^12 0[il6l:ffoT, S2GMR 
if 5 4 bM4GMRif 5 4 d \ZftmT2>ffiR V> 

S. — SlGMRif 5 
4aM3GMR*f 5 4cil S2GMRi?54 
bft^4GMRif 54dl:*HT, fft^ft, HI 

o\z&tfz>iE^mm\z. {4tgm^89o° «»«muTE 

R*f5 4 aKflUBT*«#<0*¥J*#tt* S2GMR 
$f 5 4 bRtf!4 GMRif 5 4 d lCf£IBT£a^<£> 

*5p^tjjuTfi[ffl*«9 o° anfcttteTSMbu fg 

3 GMRif5 4 btrfpfflf ^a^^TK^F^tt, ^2 
GMR$f 5 4 bS(^«4GMRif 5 4 d KflUTT* 

[0 0 3 9] HUH **«0»JK*3W-*. 

* i 2<&@effifflftfc#-ra, (a) ffitRi-R 40 

4, (b) m^^lEVc^ig^^, H9<hl^— ^ft 

^[^^T^ltl^. MlGMRif 54a~S 

4GMRif 5 4 dtfpffl-r*a»36<±iE<o*n#ffi*aH 

i«t50l:#ot, HI 1 (a) Kl^TftK, ffi 
giffl[R2X^R4«WffifflT*{bb, SRiRlIt » 
jnfitR2, R4C»LTtt«A«9 0 o iinfcttffiT, * 
fc, »tafitR3«, fi!aIR2, R4i:#LW9 0 

0 m/urc^mxtn^nmtvx^^o tit, 

jatfittO^k^jSCT, tB*»JEVttHl 1 (b) \z^ 
*T£n<, -fe>U-a-£> 1 2<b&tt®mtkO\Z*i\sT3 6 50 
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o° mmx\ mi 2 omv^cDmmxmtLx^^o 

[0 0 4 0] ±]£<DlLti<* y 

tt, 5l^:M«f2 GMRSf 5 4 bS«4 GM 
RUf 5 4 dOffilnfiiR 2> R 4 ^igffitHT^flrT* C 

«±fSil»]^GMR*fyU r/2 6 0A°*-> 
£&1&LXttfo&\zmhfc%(Dtte^X^Z>o Z.<Dtz ' 
GMR*fy'J7y5 4«tl)SlGMRif 
5 4 a- 5 4 dOJSJn;«a)A^>X*fi»^KSTSil 

[0 0 4 1] **«S«©HG*-fc>*K:*ViT 

GMRif 5 4 a-$4GMRif 5 4 dO>fflfc:«1S5 
6a-5 6d*KW-5utt, lE^Uy^BK^a 

[0 0 4 2] ft*3, ±8B*i;fttf»2*«0Bfc:&^T 

2 0£BBBU t>D*n-^ 1 2*tt8tt»ftJ:t)»* 

tH«16, 5 0Hf?ffl«IM^t§uttb/c 
ffl. *v6>**«K:IHSi** ir>1^0-^ 1 2 

[0 0 4 3] ±E»l-»4**flflKl*^Ttt, 
IlGMRif26a, 5 4 a-S4GMRlf 2 6 
d, 5 4d*«»**JClB*Ufc«»*ai* J PtffiabT 

[0 0 4 4] 
[HS^ffl^^lttHJ] 

[01] *Jfi«T*SlHie»"fe>lJ-a)«lfiRBI 

fit t © m & & * t 0 t * & . 

[04] **Sfi«©«»«ffl83J*fll^.4GMR* ; F^'J 
[05] -fe>-tJ-D — ^coialgtrjESCTGMR^^yj y 

[06] ir>-9-n-^(73|HietC)Si:TGMR^^-/U -y 



(7) 
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[07] ■fe>itD-^CD(Hltetw|i&i;TGMR^^U v 

is\zftm?%M&*mit?zm?z*Tm (^3) t 

[09] *mS^JoiHlGS:ir>^^^tt^, ir>+hn- 
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[0 11] *^Jg0ijco[HieiSir>-^^^^^, ir>itD 

1 2 -tr>itn-^ 

16,50 s&atfcmgg 

2 0 /H7X-7^ 7 h 

2 6, 5 4 GMR$?yj r/ 
2 6 a, 5 4 a mi GMRlf 
2 6 a, 5 4b 2 GMRif 
2 6c, 54c ^3GMR^f 
2 6 d, 5 4 d g4GMR*f 
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